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Introduction, Preliminaries and Definitions
The extensive development of the theories of hypergeometric functions of a single variable has led to a full-scale investigation of corresponding theories in two or more variables (see [2, 17, 18] ; for recent developments, see also [3, 4, 8] ). In 1880, Appell [1] considered the product of two Gauss's hypergeometric functions to devise four Appell's functions F 1 , F 2 , F 3 and F 4 in two variables. Later 1893, Lauricilla [12] further generalized the four Appell functions F i (i = 1, 2, 3, 4) to give the functions F Over seven decades ago, Burchnall and Chaundy [5, 6] and Chaundy [7] systematically presented a number of expansion and decomposition formulas for some double hypergeometric functions in series of simpler hypergeometric functions. Their method is based upon the following inverse pairs of symbolic operators:
and
where δ ≡ x ∂ ∂ x and δ ≡ y ∂ ∂ y .
For various multivariable hypergeometric functions including the Lauricella multivariable functions F D , Hasanov and Srivastava [10, 11] presented a number of decomposition formulas in terms of such simpler hypergeometric functions as the Gauss and Appell functions. In the sequel to the works of Hasanov and Srivastava [10, 11] , using certain new inverse pairs of symbolic operators which were modified from (1) and (2), Choi and Hasanov [8] showed how some rather elementary techniques would lead easily to several decomposition formulas associated with Humbert's hypergeometric functions Φ 1 , Φ 2 , Φ 3 , Ψ 1 , Ψ 2 , Ξ 1 and Ξ 2 .
Burchnall and Chaundy [5, 6] suggested a possible extension of their results to functions of higher order (with more parameters) for two variable as follows:
Recently, Khan and Abukhammash [9] introduced 10 Appell type generalized functions M i (i = 1, . . . , 10) by considering the product of two 3 F 2 functions. Here, in this paper, we consider the product of two 4 F 3 hypergeometric functions, i.e.,
This double series, in itself, yields nothing new, but by replacing one or more of the seven pairs of products
by the corresponding expressions
we are led to nineteen distinct possibilities of getting new double series. One such possibility, however, gives us the double series
which, upon using the well-known (easily-derivable) identity (see, e.g., [15] ):
is simply the hypergeometric series 4 F 3 (a, b, c, d; e, f, g; x + y).
The remaining possibilities lead to the following eighteen generalized Appell type functions of two variables:
where we exclude the exceptional parameter values, i.e., those values for which the series in question becomes terminating, meaningless, or a finite sum of hypergeometric series of lower dimension.
Symbolic Form
Here we follow the method given by Burchnall and Chaundy [5, 6] , Chaundy [7] , and Choi and Hasanov [8] to use the symbolic operators (1) and (2) to obtain the following decomposition formulas of our newly defined functions κ i (i = 1, · · · , 1 8) asserted by Theorem 2.1. We also give certain interesting relationships among the κ i (i = 1, · · · , 1 8) by using the symbolic operators (1) and (2) given in Theorem 2.2.
Theorem 2.1. Let ∇(h) and ∆(h) be given in (1) and (2), respectively. Each of the following formulas holds true: a, a , b, b , c, c , d, d ; e, f, f , g, g ; x, y) 
Proof. The results presented here can be easily derived by just following the method in Burchnall and Chaundy [5, 6] , (see also [7] , [8] ). So the details of proof are omitted.
Theorem 2.2. Let ∇(h) and ∆(h) be given in (1) and (2), respectively. Each of the following relationships holds true: a, a, b, b , c, c , d, d ; e, f, f , g, g ; 12 (a, b, c, d, d ; e, e, f, f , g, g ; x, y) ; (61) a, b, c, d, d ; e, e, f, f , g, g ; x, y) = ∇(e) κ 13 ( a, b, c, d, d ; e, f, f , g, g ; x, y) ; (62) 
Integral Representations
Here we present certain integral representations for the functions κ i . The following well-known integral Eulerian formulas are required:
Theorem 3.1. Each of the following integral formulas holds true: a, b, c, c , d, d ; e + e , f, f , g, g ; x, y) 
where M i 's are given in [9] and ∇(c) is defined in (1).
Proof. Using the newly introduced functions κ i and the functions M i in [9] with the aid of the formulas (75) and (76), we can easily derive the results (77)-(92). So details of proofs are omitted.
